
Donghoon Chun
University of Michigan, Ann Arbor, Michigan

Rainee N. Simons,
Dynacs Engineering Company, Inc., Brook6 Park, Ohio

Linda P.B. Katehi
University of Michigan, Ann Arbor, Michigan

Modeling and Characterization of Cavity
Backed Circular Aperture Antenna With
Suspended Stripline Probe Feed

NASA/CR—2000-209784

June 2000



The NASA STI Program Office . . . in Profile

Since its founding, NASA has been dedicated to
the advancement of aeronautics and space
science. The NASA Scientific and Technical
Information (STI) Program Office plays a key part
in helping NASA maintain this important role.

The NASA STI Program Office is operated by
Langley Research Center, the Lead Center for
NASA’s scientific and technical information. The
NASA STI Program Office provides access to the
NASA STI Database, the largest collection of
aeronautical and space science STI in the world.
The Program Office is also NASA’s institutional
mechanism for disseminating the results of its
research and development activities. These results
are published by NASA in the NASA STI Report
Series, which includes the following report types:

• TECHNICAL PUBLICATION. Reports of
completed research or a major significant
phase of research that present the results of
NASA programs and include extensive data
or theoretical analysis. Includes compilations
of significant scientific and technical data and
information deemed to be of continuing
reference value. NASA’s counterpart of peer-
reviewed formal professional papers but
has less stringent limitations on manuscript
length and extent of graphic presentations.

• TECHNICAL MEMORANDUM. Scientific
and technical findings that are preliminary or
of specialized interest, e.g., quick release
reports, working papers, and bibliographies
that contain minimal annotation. Does not
contain extensive analysis.

• CONTRACTOR REPORT. Scientific and
technical findings by NASA-sponsored
contractors and grantees.

• CONFERENCE PUBLICATION. Collected
papers from scientific and technical
conferences, symposia, seminars, or other
meetings sponsored or cosponsored by
NASA.

• SPECIAL PUBLICATION. Scientific,
technical, or historical information from
NASA programs, projects, and missions,
often concerned with subjects having
substantial public interest.

• TECHNICAL TRANSLATION. English-
language translations of foreign scientific
and technical material pertinent to NASA’s
mission.

Specialized services that complement the STI
Program Office’s diverse offerings include
creating custom thesauri, building customized
data bases, organizing and publishing research
results . . . even providing videos.

For more information about the NASA STI
Program Office, see the following:

• Access the NASA STI Program Home Page
at http://www.sti.nasa.gov

• E-mail your question via the Internet to
help@sti.nasa.gov

• Fax your question to the NASA Access
Help Desk at (301) 621-0134

• Telephone the NASA Access Help Desk at
(301) 621-0390

• Write to:
           NASA Access Help Desk
           NASA Center for AeroSpace Information
           7121 Standard Drive
           Hanover, MD 21076



June 2000

National Aeronautics and
Space Administration

Glenn Research Center

Prepared under Contract NAS3–98008

Prepared for the
2000 International Symposium on Antennas and Propagation and
USNC/URSI National Radio Science Meeting
sponsored by the Institute of Electrical and Electronics Engineers
Salt Lake City, Utah, July 16–21, 2000

Modeling and Characterization of Cavity
Backed Circular Aperture Antenna With
Suspended Stripline Probe Feed

NASA/CR—2000-209784

Donghoon Chun
University of Michigan, Ann Arbor, Michigan

Rainee N. Simons,
Dynacs Engineering Company, Inc., Brook Park, Ohio

Linda P.B. Katehi
University of Michigan, Ann Arbor, Michigan



Available from

NASA Center for Aerospace Information
7121 Standard Drive
Hanover, MD 21076
Price Code: A02

National Technical Information Service
5285 Port Royal Road
Springfield, VA 22100

Price Code: A02

This report is a preprint of a paper intended for presentation at a conference. Because
of changes that may be made before formal publication, this preprint is made

available with the understanding that it will not be cited or reproduced without the
permission of the author.

Acknowledgments

This work was performed under the task High Performance Printed Antennas and funded by the Cross Enterprise
Technology Development Program (CETDP) in code SM. The authors are grateful to ARO and ONR

for their support.
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Abstract: The paper presents the numerically simulated input impedance of a cavity
backed circular aperture antenna with suspended substrate stripline probe feed. The
simulation is based on the finite element method. The results show the input impedance
or the return loss as a function of the frequency with the probe dimensions as parameters.
The simulated results are validated by measurements at millimeter-wave frequencies.

I. INTRODUCTION
Future space borne microwave/millimeter-wave systems in near-Earth

orbits for communications, inter-satellite links and high-resolution mapping will
require antennas which have high gain, high efficiency, low profile, light weight,
excellent temperature stability and low cost. As the frequency of operation
increases from the microwave to the millimeter-wave band, the attenuation of
planar transmission lines increases due to conductor loss [1]. Consequently in
planar array antennas, the feed network loss increases with frequency. Besides
conductor loss, the loss of power due to surface waves is also a concern in planar
arrays. The net effect of these losses is the reduction in the array gain and
efficiency. An effective method to lower these losses and enhance the efficiency
and gain is to construct the feed network using low loss transmission lines such
as, rectangular waveguides [2], parallel plate waveguides [3], radial lines [4] or
suspended substrate lines [5]. The suspended substrate line is particularly
attractive because it makes use of a very thin dielectric sheet which has low loss
tangent and excellent temperature stability such as, RT/duroid® 5880 [6]. In
addition since the substrate is suspended between ground planes, the effective
dielectric constant is close to that of free space and hence surface wave losses are
negligibly small. Recently a cavity backed circular aperture antenna with a
suspended substrate stripline feed has been demonstrated [7]. In the past this type
of radiator has been analyzed using Green’s function method and an expression
for the input impedance has been presented [8].

The analysis presented in this paper is based on the finite element method
(FEM). The analysis takes into account the effect of the rectangular opening
through which the suspended stripline enters the cavity. In addition, the analysis
takes into account the exact geometry of the probe in the cavity. The numerical
results include the input impedance of the cavity backed circular aperture antenna
with suspended stripline probe feed. The results show the variation in the input
impedance or the return loss as a function of the frequency with the probe
dimensions as parameters.
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II. ANTENNA ELEMENT CONSTRUCTION
A cavity backed circular aperture antenna with suspended stripline feed is

shown in Figure 1. The antenna element [7] consists of a thin dielectric substrate
of thickness d supported between two cylindrical waveguides of axial height
h1 and h2. The lower waveguide is terminated in a short circuit so as to form a
cavity. The radius r of the waveguide is chosen such that the dominant TE11 mode
propagate but the next higher order TM01 mode is cut off. The TE11 mode is
excited by extending the strip conductor of the suspended stripline through an
opening (a x b) in the wall thus forming a probe of width W1 and length L1. The
probe impedance is matched to the suspended stripline impedance by proper
choice of W1, L1, taper length Lt and the cavity height h2. The antenna radiates
with a linear polarization along the y-direction.

III. NUMERICAL MODEL
A schematic view of the numerical model for the cavity backed circular

aperture antenna is shown in Figure 2. The cavity is excited by a narrow probe
realized by extending the strip conductor of the s us pe nde d s t r i pl i ne  through an
opening in the cylindrical wall. Further to minimize the effect of step
discontinuity reactance due to the difference in the width of the probe and the
strip conductor on the input impedance a linear taper is used in between. The
circular aperture is terminated in an isotropic absorber to simulate free space
environment. The model uses tetrahedral element and edge-based basis function.
Perfect electric conductors are assumed throughout the model and hence
conductor losses are zero. The problem generates about 150,000 unknowns and is
solved on a computer with a clock speed and memory of 400 MHz and 400
Mbytes respectively. Hence, the computation of input impedance at any frequency
takes about an hour.

IV. NUMERICAL AND EXPERIMENTAL RESULTS
The computed return loss as a function of the frequency for a given set of

probe dimensions is shown in Figure 3. The preliminary results show that the
return loss is better than –10.0 dB (VSWR <2.0) over 2 percent bandwidth
centered at about 56.0 GHz. The experimental investigation of this circuit and
efforts to improve the bandwidth are in progress.

V. CONCLUSIONS
The paper presents a finite element model for the input impedance of a

cavity backed circular aperture antenna excited by a s us pe nde d s t r i pl i ne  probe
feed. The computed results show the return loss as a function of the frequency for
a particular probe dimensions. Initial results show that the return loss is better
than –10.0 dB over 2 percent bandwidth centered at about 56.0 GHz.
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Figure 1.—Cavity backed circular aperture antenna with suspended substrate stripline (SSS)
   feed. The inset on the top left and right show the cross-section of the SSS and the electric
   field distribution for the TE11 mode respectively. The parameters (in inches) are d = 0.005, 
   �r = 2.22, h1 = 0.25, h2 = 0.10, r = 0.075, a = 0.074, c = 0.09, b = 0.016, W = 0.04, W1 = 0.0175,
   L = 0.06, Lt = 0.066.
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Figure 2.—Numerical model for the antenna.
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Figure 3.—Computed return loss as a function of 
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